Background: Radiofrequency energy systems are popular options in the treatment of skin laxity and wrinkles. Fractional radiofrequency devices (FRFs) have increased the efficacy and safety. The thermo-contraction (TC) system is also a novel technology that can promote a marked lifting effect. Objectives: This trial was done to assess the safety and efficacy of a combination treatment using the FRF system and TC for facial skin rejuvenation. Methods: Fifteen female volunteers (mean age, 47.07 ± 8.83 years) received 3 FRF and 6 TC bipolar treatments in 3 weeks. Assessment methods included wrinkle grading by independent investigator using Glogau wrinkle scoring, objective measurement of depth, area, and volume of right nasolabial fold (using the VisioFace CSI software), thickness and echo-density of the dermis (using high-frequency ultrasound), and measurement of the skin biophysical parameters before and 3 months after last treatment. Histological assessment was also performed on 5 volunteer participants.
During the last decades, radiofrequency (RF) energy systems have become popular in the treatment of skin laxity and wrinkles. 4, 5 A wide range of RF systems is available today, from the original unipolar and bipolar devices to the newer multipolar, fractional, pulsed, and phase-controlled devices. 6 The principle of RF treatment is based on using electromagnetic energy to generate heat, which can be focused specifically to the dermis. 7 It results in skin tightening due to contraction of collagen fibers in the dermal tissue as well as initiating new collagen formation in the next step. 8, 9 However, there is still an increasing demand for minimally invasive procedures to improve the signs of aging with greater efficacy than current modalities. Fractional radiofrequency (FRF) devices are among the recently introduced technologies for skin resurfacing with increased efficacy, faster recovery, shorter downtime, and few side effects. 10 FRF systems create a low-density fractional epidermal and superficial dermal coagulation and deliver RF waves through the reticular dermis. 11 Another minimally invasive bipolar system is the technology defined as thermo-contraction (TC). It is claimed to be a unique technology using modulated multi-frequency RF and can deliver RF pulses to the deeper layers of the hypodermis and even through skin muscles. Consequently, besides the biostimulation of collagen and elastin in the dermis, it can stimulate aerobic muscle contraction and allow improving muscle tone to promote a marked lifting effect. 12 This report is about a combination treatment using the FRF system andTC bipolar configuration. The objective of this study was to evaluate the safety and efficacy of a combination of FRF and TC (M3D Fractional Radio Frequency device by Medaria Co., Iran) for facial skin rejuvenation.
METHODS

Study Design and Setting
This was a single arm, before-after trial, performed from June 2015 to May 2016, in the Pharmaceutical, Cosmeceutical, and Hygienic Evaluation Lab The study was designed and conducted in accordance with the Declaration of Helsinki, and principles of Good Clinical Practice (GCP). The protocol and informed consent were reviewed and approved by the ethical committee of Tehran University of Medical Sciences on June 4, 2015 (acceptance code: IR.TUMS.REC.1394.324) and was registered in the Iranian Registry of Clinical Trial (IRCT) with the registration number: IRCT201507226135N5. All subjects were completely informed about the procedure and signed written informed consent before participating in the trial.
Subject Selection
Fifteen healthy female subjects with ages between 30 and 60 years and skin type III-IV were recruited in the study. The inclusion criteria were mild to moderate facial wrinkles and skin laxity and ability to attend scheduled follow-up visits. The exclusion criteria were history of implanted devices; silicone, fat, hyaluronic acid or collagen injection in the treatment area in the last year; cosmetic surgery in the treatment area in the last 3 years; RF treatment in the last year; lasers, intense pulsed light, or isotretinoin use in the last 6 months; and current pregnancy or breastfeeding. Participants were also required not to have any history of bleeding disorders, collagen vascular diseases, or compromised immune system (eg, diabetes). Subjects were also excluded from the study in the case of history of active smoking in the past 10 years, hypertrophic scar and keloid formation, or active, chronic, or recurrent skin infections (such as herpes simplex).
Treatment Protocol
We used a M3D FRF device (Medaria Co., Iran) that had 2 different hand pieces: 1) electro-magnetic lens fractional (EML) hand piece, which contains 225 interchangeable micro-needles over a square area of 1.2 × 1.2 cm 2 . It is designed to perform the treatment with tips at controlled pressure (through an exclusive cushioning system), reducing pain and eliminating any chance of bleeding. 2) TC bipolar hand piece, which emits bipolar RF combined with passive contraction of the muscles (defined as the TC technique).
Subjects received 3 FRF treatments (using the EML hand piece) 1 week apart, as well as 6 TC RF treatments (using the TC bipolar hand piece) twice a week. The sequence of FRF and bipolar TC treatments is defined in Figure 1 .
The face was first anesthetized using topical anesthetic cream containing lidocaine 2% and prilocaine 2% (Xyla-P® cream, Tehran Shimi Pharmaceutical Company, Iran) with occlusion for about 45 minutes before the procedure. Then the full face was treated with the EML fractional needle hand piece in 2 overlapping passes over each area. Treatment parameters were chosen according to skin thickness and proximity of bone. The RF energy was performed with the range of 10 to 35 watts and 100 to 400 msec. The device settings based on delivered RF energy are: preorbital (10 watts/100 ms), sensitive ( Posttreatment care included the application of a moisturizer cream for 2 days until the ablated craters closed. Subjects were instructed to protect the treated areas from the sunlight throughout the entire study period.
Patients were instructed to avoid washing the face for at least for 1 hour after treatment and to apply sunscreen regularly. They were followed up 3 and 6 months after the last treatment session.
Assessments
Photography
Digital photographs were taken before treatment and at each follow-up visit. The baseline and follow-up face photographs were used for blinded grading by 2 independent dermatologists using the Glogau wrinkle grading classification 13 and Alexiades-Armenakas laxity scale. 14 
Wrinkle Measurements
High-resolution frontal images of the face were taken using the VisioFace Quick system (Courage & Khazaka electronic GmbH, Germany). The depth, area, and volume of right nasolabial fold were measured for each subject at the baseline and each follow-up visit using the VisioFace CSI software.
Skin Biophysical Parameters
The skin biophysical parameters including stratum corneum hydration, trans-epidermal water loss (TEWL), erythema, melanin index, and skin elasticity were measured on the right cheek as well as right nasolabial fold at the baseline and each follow-up visit by using respective MPA 580 probes: Corneometer, TEWAmeter, Mexameter, and Cutometer (Courage & Khazaka electronic GmbH, Cologne, Germany). 15 The measurement room temperature was set to 21 ± 1°C and the humidity level between 30% and 40%. Before the measurements, volunteers stayed in the test room for 30 minutes for adaptation of skin to room temperature and humidity.
High-Frequency Ultrasound
Ultrasound (US) measurements of the thickness and echo-density of the dermis were performed on the right nasolabial fold using a 22 MHz DUB-USB skin scanner (tpm Co. Luneburge, Germany).
Histologic Assessment
In 5 subjects, after signing an extra consent form, a 4 mm punch biopsy specimen was obtained from facial skin (infra right mandibular angle) at the baseline visit and 3 months after the last treatment. A posttreatment biopsy specimen was taken close to the previous biopsy site. Tissue samples were fixed in 10% buffered formalin, then embedded in paraffin. Standard hematoxylin-eosin staining, as well as Masson trichrome and acid orcein staining (for collagen and elastin fibers, respectively) were performed.
Patient Satisfaction
Each subject was asked to rate the level of her satisfaction from treatment on a 5-grade Likert scale (5 = extremely satisfied, 4 = very satisfied, 3 = moderately satisfied, 2 = slightly satisfied, 1 = dissatisfied) 3 and 6 months after the last treatment.
Safety Assessments
All adverse events reported by the subjects or observed by the investigators were documented in all treatment and follow-up visits. The main safety parameters assessed included: erythema, pain, discoloration, and infection. The severity of them was also assessed according to a 3-point scale described below: 
Statistical Analysis
The efficacy and safety of the treatment were analyzed based on the intention-to-treat (ITT) population, including all treated volunteers. For statistical analysis, we performed descriptive statistics (mean, standard deviation, percentages). In the case of efficacy evaluation, statistical differences were tested between the mean score of objective and subjective parameters before intervention and 3 months after the last treatment using paired Student's t test. Statistical differences were also tested between the mentioned parameters 3 and 6 months after intervention to evaluate the durability of the treatment. Significance level was set as P < 0.05.
RESULTS
The mean age of the 15 enrolled women was 47.07 ± 8.83 years (range, 33-60 years); 6 of them had skin type III, and 9 of them had type IV. All the participants completed the FRF treatment session (mean energy of 21.66 ± 4.87 W) as well as TC treatment. The mean energy level was 16.07 ± 4.87 W for thermic program and 65 ± 4.38 W for the contractive one.
Two subjects voluntarily discontinued the study after a follow-up visit at month 3. None had to leave the study due to side effects. Two follow-up visits were considered for the participants. The average time for the first follow-up visit was 83.06 ± 10.70 days (range, 67-102 days) and for the second follow-up visit 206.83 ± 17.38 days (range, 178-230 days).
The mean baseline wrinkle and laxity Glogau scores were 2.00 ± 0.80 (range, 1-3) and 2.88 ± 0.49 (range, 2.5-4), which decreased to 1.87 ± 0.79 (range, 1-2.5) and 2.83 ± 0.49 (range, 2-4), respectively, 3 months after treatment (P values, 0.041 and 0.29, respectively; Figures 2B  and 2B ). Comparing the scores of skin wrinkles and laxity between 3 and 6 months after treatment did not show significant difference (P values, 0.082 and 1.00, respectively).
Also, the area and volume of the right nasolabial folds decreased significantly 3 months after treatment ( Table 1) . The wrinkle area significantly reduced from 7.91 ± 4.46 at the baseline to 6.44 ± 3.58 in month 3 (P value, 0.026). Improvement in wrinkle volume was also significant 3 months after treatment (P value, 0.031) (Figure 3 ). On the other hand, the surface area of wrinkles did not change significantly in month 6 in comparison to month 3, while the improvement process in the volume of wrinkles continued significantly until the end of month 6 ( Table 1) .
The average thickness of the dermis remained without significant changes, while the echo-density of the dermis significantly increased 3 months after treatment but returned to baseline after 6 months (Table 1, Figure 4) . The biophysical parameters of the skin at baseline and 3 and 6 months after the last treatment are shown in Table 2 , and none of them showed any significant changes 3 months after treatment. However, skin elasticity showed a significant increase at month 6 compared to month 3, as well as the baseline (P value < 0.001).
Microscopic examination of hematoxylin-eosin-stained specimens showed evidence of dermal remodeling, including neocollagenesis and a mild increase in dermal density compared to the baseline in all 5 specimens 3 months after treatment. In all 5 subjects, a mild increase in dermal collagen content was observed at 3 months after FRF treatment compared to the baseline. Orecin staining on A B Figure 2 . Glogau scores of facial wrinkles (A) comparing baseline and month 3 (P value = 0.041); month 3 and month 6 (P value = 0.082). Alexiades-Armenakas laxity scale (B) comparing baseline and month 3 (P value = 0.29); month 3 and month 6 (P value = 1.00).
3 tissue samples (out of 5) revealed an increase in elastic fibers, particularly in the upper dermis. Also, elastin fibers appeared thicker and more randomly distributed ( Figure 5 ). The mean satisfaction score 3 months after the last treatment was 3.6 (range, 1-5), defined as "moderately satisfied," according to the Likert scale ( Figure 6 ). Furthermore, the satisfaction score had a significant linear increasing trend over time, confirmed by repeated measurement analysis (P value, 0.01). Minimal to moderate skin burning was reported in 100% of subjects and resolved in 2 hours. Also, there were 8 reported adverse reactions that were considered mild in severity and generally resolved completely after 3 days (Table 3) . 
DISCUSSION
In this study, we found that a combination of FRF and TC systems is safe and effective for facial skin rejuvenation. Multiple assessment methods were used in this study to confirm the benefit of the device for skin rejuvenation, including subjective grading by blind investigator, volunteers' satisfaction, objective measurement of depth and volume of wrinkles, high frequency US, as well as histological assessment. Clinical results of wrinkle improvement by FRF have been reported in recent years. 5, 8 Man et al reported statistically significant improvement in wrinkles, texture, and fine lines in 15 subjects receiving 3 treatments of fractionated bipolar RF to the full face. 16 Mulholland et al also reported 45% improvement in facial wrinkles and lines in female subjects after 3 FRF treatments. The improvement rate was even higher in Caucasians compared to Asians. 11 Hruza et al have also achieved comparable clinical results using a similar treatment procedure. 10 Supporting all the mentioned reports, our clinical data showed a significant improvement in facial wrinkle scale 3 months after treatment, which was maintained to at least 6 months (Figures 2 and 7) .
A relative improvement in skin laxity was also noticed 3 months after treatment, although it was not statistically significant. Tissue tightening by RF treatment is possibly due to collagen repair and realignment. Heat generated by tissue's natural resistance to RF waves induces changes in collagen fibrils and an increase in expression of messenger RNA (mRNA) for collagen type I. 17 More impressive improvement in skin laxity was reported by Alexiades-Armenakas et al, for which the mean reduction in laxity score was 0.6 grades, 3 months after a single FRF treatment. 18 Fritz et al also reported statistically significant improvement in skin laxity after treatment with the TC system. 19 Several factors such as energy level, number of passes, interval between treatment sessions, and mode of RF could be involved in different achieved responses in the rate of laxity improvement between our study and the other reports.
The measurement of wrinkles in this study was performed using VisioFace. This instrument is now well established and has been used successfully in a variety of dermatological applications. 20, 21 The camera and lights are both software-controlled, and the exact location of the face is obtained by carefully comparing details on the face with the baseline image.
FRF was showed to be less effective in the improvement of wrinkles of nasolabial folds compared with the other facial regions, such as lateral canthus (crow's feet) and lower eyelid. 22 More impressive results achieved in our study in nasolabial folds could be due to a combination therapy of FRF and TC modality, as a controlled thermal injury can cause contraction of the thinned collagen in the deep dermis and trigger an inflammatory response that generates new collagen bundles. 23 As a novel, noninvasive assessment method, we used high-frequency skin ultrasound to observe the changes in the dermis after treatment. Skin ultrasound examinations are recently introduced as a sensitive diagnostic method in aesthetic medicine. 24 In the present study, ultrasound evaluation revealed a significant increase in dermis echo-density 3 months after treatment, which also has been reported by McDaniel et al. 25 Dermis echo-density is related to the amount of properly structured dermal proteins such as collagen and elastin. The increased echo-density of dermis after RF treatment might be due to the thermal effects of RF, which induce collagen production. 26 This is also confirmed by histological findings of our study, which showed an increase in dermal collagen content. A few studies have examined RF-induced histological changes. 27, 28 The elasticity of the skin was measured by Cutometer in this study, and the R2 score showed improvement in skin elasticity in nasolabial folds 6 months after treatment. Gross elasticity (R2 = Ua/Uf) is the most commonly used parameter in medical literature to evaluate skin aging. The R2 parameter is also the most suitable parameter to represent the influence of aging on mechanical properties of the skin. Krueger et al have proved that the gross elasticity highly correlates with age. 29 The improvement of skin elasticity by non-ablative RF has been reported recently by Kołodziejczak et al and Augustyniak et al. 30, 31 The results were also confirmed by histological findings, showing an increase in elastic fibers, particularly in the upper dermis.
In the current study, we considered a 6-month follow up to examine the longevity of the results, while lack of long-term follow up has been mentioned as a main limitation in several comparable reports. 22, 32 Concerning the clinical and objective findings as well as patients' satisfaction, a considerable improvement was detected in skin wrinkles and laxity 6 months compared with 3 months after treatment. This improvement was even statistically significant in some assessments such as nasolabial wrinkle volume (Table 1 ) and skin elasticity ( Table 2 ). It reveals that the effect of FRF and TC treatment lasts for at least 6 months, and repeated treatments are not needed before 6 months.
Subjects were "moderately satisfied" with the treatment (Likert scale 3.6 out of 5), and the greater patient satisfaction score 6 months after treatment, compared with 3 months, may be due to induction of fibroblasts and continued collagen synthesis.
As the evaluator assessment scores for improvement were high, it would seem that patient satisfaction for the A B C Figure 7 . Representative facial images of a 43-year-old female volunteer (A) at baseline, (B) at 1 week after treatment, and (C) at 3 months after the last treatment. procedure would be higher than "moderately satisfied." This could be due to high expectations by our patients for skin rejuvenation, in which complete improvement is the preferred goal and it is a common concern in cosmetic procedures. 33 In general, FRF and TC systems are very safe procedures, and the incidence of side effects is lower, compared with fractional lasers. However, edema and erythema are very common reactions, after FRF treatments. 34 In this study, also mild to moderate erythema and swelling were observed in most participants, but resolved completely in a few days. Blisters, post-inflammatory hyperpigmentation (PIH), infections, and scars were not observed in this study.
One of the main concerns of any rejuvenation procedure, especially in darker skin types, is PIH. RF does not target melanocytes directly, so there might be less risk for PIH. In this study on skin types III and IV, we did not observe any PIH in our patients, which confirms the safety of RF in darker skin types.
A specific evaluation of skin pigment (erythema index) was included in the study (Table 2) , which showed no significant change 3 and 6 months after treatment compared to the baseline.
Limitations
The main limitation of this study is the small number of patients, yet the results showed a significant improvement. In the case of histological assessment, only 5 volunteers were biopsied, which probably would not be enough to draw conclusions, but definitely confirm some clinical observations. Lack of a control group is another limitation that would probably affect the reliability of the data. This study has been conducted on patients with skin types 3 and 4, as in Iran, we do not have extensive access to patients with darker skin types; repeating the study on patients with skin types 5 and 6 is suggested.
CONCLUSIONS
Subjective, objective, ultrasonographic, and histological assessments all showed significant effectiveness of this combination therapy by FRF and TC bipolar systems for facial skin rejuvenation. The treatment was well tolerated, adverse reactions were all transient and mild in severity, and subjects were "moderately satisfied" with the treatment.
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